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ABSTRACT 

E-cadherin mediates cell-cell adhesion by associating 
with catenins. Loss of E-cadherin function by genetic or 
epigenetic alteration of the E-cadherin gene (CDH1) leads 
to tumorigenesis. To study the involvement of E-cadherin 
dysfunction in liver tumorigenesis, we examined the al- 
lelic loss and methylation of 5'-CpG sites of CDHJ in 
hepatocellular carcinomas (HCCs). Loss of heterozygosity 
(LOH) of CDHJ and adjacent 16q22-23 loci was observed 
in 13 of 30 (43%) HCCs. Methylation of the 5'-CpG of 
CDHJ was analyzed by Southern blot hybridization, and 
hypermethylation was observed in 8 of the 24 (33%) 
HCCs examined. The amount of E-cadherin mRNA was 
analyzed by RNase protection assay, and a decrease in 
E-cadherin mRNA was observed in 10 of the 23 cases 
examined. A reduction in E-cadherin was found in 10 of 
21 HCCs using immunoblot analysis. The amount of E- 
cadherin was comparable to that of E-cadherin mRNA. 
Down-regulation of E-cadherin was common in cases with 
LOH but rare in cases with methylated promoter. These 
results suggest that hypermethylation of the CDHJ pro- 
moter is present in a small cell population in the tumor, 
thus the methylation status is liable to vary according to 
individual cell condition. Hypermethylation was observed 
in early stage HCCs, whereas LOH was found frequently 
in more malignant tumors. Down-regulation of E-cad- 
herin is closely related to the progression of HCCs and is 
stably induced by LOH of CDHJ. 
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INTRODUCTION 

HCC 3 is common in Asia and has recently been found to be 
increasingly common in the United States (1). In many cases, 
HCC develops from chronic liver disease by infection with 
HBV or HCV or by exposure to drugs such as aflatoxin Bl . The 
molecular mechanisms of HCC induction are not yet clear. An 
AGG (Arg) to AGT (Ser) mutation of p53 codon 249 is often 
found in aflatoxin-mediated HCCs (2-4); however, this is rare 
in Japanese cases (5-7). Mutation of the p53 gene is found in 
30-40% of HCCs in Japan (4-7), which is not a high frequency 
compared to the rates for other types of cancer. Mutation of the 
0-catenin gene is found in 30-40% of HCCs, which indicates 
that changes in the Wnt signaling pathway are important in 
hepatocellular carcinogenesis (8, 9). E-cadherin mediates cell- 
cell adhesion by association with intracellular molecules of a-, 
^-, and 7-catenins (10). Reduction of E-cadherin may induce 
cell mobility and promote tumor cell invasion (1 1). Recently, 
loss of E-cadherin function has been observed in the malignant 
progression of various tumors originating from epithelial cells. 
CDHJ is localized on chromosome 16q22. Germ-line mutation 
of CDHJ is found in familial diffuse-type gastric cancers (12). 
Somatic mutations of CDHJ are found in poorly differentiated 
breast and gastric cancers (13-15) but rarely found in other 
types of tumors. On the other hand, down-regulation of CDHJ 
with hypermethylation of the CpG islands of the region pro- 
moter is observed in a wide variety of tumors originating from 
epithelial cells (16, 17). Therefore, reduction of E-cadherin 
expression induces and promotes cellular tumorigenesis. Re- 
duced expression of CDH1 by hypermethylation of the 5 '-CpG 
island of E-cadherin has been observed in HCCs (18). Further- 
more, the allelic loss of E-cadherin has also been observed 
frequently in HBV-positive HCCs in China (19). However, 
there has been no comprehensive study of genetic and epige- 
netic changes and down-regulation of E-cadherin in HCCs. 

In this study, we examine genetic and epigenetic alterations 
of CDH1 and the resulting changes in CDHi expression to 
determine the involvement of E-cadherin dysfunction in liver 
tumorigenesis. We have found that the down-regulation of E- 
cadherin by allelic loss is closely related to the progression 
of HCCs. 

MATERIALS AND METHODS 

Tissue Specimens. Thirty pairs of surgically resected 
primary HCCs and adjacent nontumorous liver tissues and two 



3 The abbreviations used are: HCC, hepatocellular carcinoma; CDHI, 
E-cadherin gene; LOH, loss of heterozygosity; HBV, hepatitis B virus; 
HCV, hepatitis C virus; SSCP, single-strand conformational polymor- 
phism; SNP, single nucleotide polymorphism. 
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normal liver tissues were used. The tumor stages of HCC were 
classified according to the tumor-node-metastasis (TNM) crite- 
ria (20). Nontumorous livers of these patients were affected by 
chronic hepatitis in 10 cases, liver cirrhosis in 16 cases, and 
other disease in 4 cases. These tissues were stored at — 80°C 
until use. This study was approved by the Ethical Review 
Committee of the Showa University School of Medicine (To- 
kyo, Japan). 

LOH Analysis of CDHl and 16q22-23 Loci. Genomic 
DNA was extracted by the proteinase K-phenol/chloroform 
method. DNA was extracted from HCCs and adjacent nontu- 
morous liver tissues. The LOH of CDHl was determined by 
fluorescence-based PCR-SSCP analysis (7) using SNP markers 
at 2076 bp downstream (codon 692) (21) and at 285 (22) and 
472 bp upstream from the translation initiation site. The primer 
sequences were as follows: (a) CTCCAGCCCAAGAATC- 
TATC and CTGGACTTACTTAGCAAAGC (+2076); (b) 
GG AATCAGAACCGTGCAGGT and AGCGCCGAGAGGC- 
TGCGGCT (-285); and (c) AGGAGTTCGAGGCTGCAGTG 
and CCCACCCGGCCTCGCATAGA (-472). The 5'-ends of 
the primers were labeled with Cy5 dye. PGR for +2076 was at 
94°C for 1 min, followed by 30 cycles of 94°C for 30 s, 55°C 
for 30 s, and 72°C for 1 min. PCR for -285 and -472 were at 
95°C for 1 min, followed by 30 cycles at 95°C for 45 s, 65°C for 
45 s, and 72°C for 1 min. PCR was performed with ExTaq DNA 
polymerase (Takara, Shiga, Japan). Five percent DMSO was 
added to the reaction mixture for amplification of the -285 and 
—472 regions. Amplified DNA fragments were electrophoresed 
and analyzed by an ALFexpress DNA sequencer and an ALF- 
win Fragment analyzer program (Pharmacia, Uppsala, Sweden), 
as described previously (7). Any HCC that showed a lesser or 
absent peak compared with the peak pattern of nontumorous 
tissue from the same patient was taken to reflect LOH. 

For LOH analysis of 16q22-23 in the vicinity of CDHl, 
five microsatellite markers were prepared: (a) D16S3031; (b) 
D16S3021; (c) D16S496; (d) D16S3025; and (e) D16S2624 (23, 
24). Detailed information including primer sequences is avail- 
able on the web site of the Genome Database. 4 The 5'-end of 
one of the paired primers was labeled with Cy5 dye, and PCR 
was performed as described previously (23, 24). Amplified 
Cy5-labeled DNA fragments were electrophoresed with 8% 
Long Ranger (FMC BioProducts, Rockland, ME) in IX Tris- 
borate EDTA containing 7 m urea by an ALFexpress automated 
DNA sequencer and analyzed by an ALFwin Fragment analyzer 
program. LOH in HCC was estimated by an absent or reduced 
peak compared to nontumorous liver from the same patient in a 
heterozygous case. 

Methylation Analysis of the CpG Island of CDHl Pro- 
moter. Methylation of the 5 '-CpG island of E-cadherin was 
analyzed using Southern blot analysis. Two p,g of DNA were 
digested with BamHl/Xbal, BamHVXbal/Mspl, or BamHl/Xbal/ 
HpaW. Mspl and Hpall recognize the DNA sequence CCGG, 
but Hpall does not cut the methylated cytosine. DNA fragments 
were separated by electrophoresis and then transferred to a 
nylon membrane (Hybond NX; Amersham). A plasmid contain- 



4 www.ncbi.nlm.nih.gov/genome/sts. 



ing CDHl promoter was kindly provided by Dr. J. A. Schalken 
(25). Hybridization was performed in 5X SSC and 50% form- 
amide at 42°C, using a 32 P-labeled, 378-bp Pstl fragment of the 
promoter region of CDHl as a probe. 

Detection of E-cadherin mRNA by RNase Protection 
Analysis. Total RNA was extracted from frozen tissues using 
the AGPC method (26). Ten jig of total RNA were subjected to 
RNase protection assay using a HybSpeed RPA kit (Ambion, 
Austin, TX). The cDNA fragment from exons 9 to 10 (1295- 
1474 of CDHl cDNA; GenBank accession number NM004360) 
prepared by reverse transcription-PCR was subcloned into the 
pBluescript SK(+) plasmid. A RNA probe for detecting E- 
cadherin mRNA was prepared with [o> 32 P]UTP using T3 RNA 
polymerase. The probe protected the 180-nucleoude RNA frag- 
ment The amount of E-cadherin mRNA was determined using 
a BAS image analyzer (Fuji Film, Tokyo, Japan). To assure the 
quality of mRNA, we also analyzed a-tubulin mRNA using a 
RNase protection assay. 

Detection of E-cadherin Protein by Immunoblot Anal- 
ysis. The cell extract was prepared as follows. Frozen tissues 
were homogenized with 5 volumes of lysis buffer [50 mM 
Tris-HCl (pH 7.5), 1% IGEPAL CA-630, (Sigma, St Louis, 
MO) 0.1% sodium deoxycholate, 150 mM sodium chloride, and 
1 mM phenylmethylsulfonyl fluoride] with a Teflon homoge- 
nizer. The cell debris was then precipitated by centrifugation 
(2000 X g for 5 min). The protein concentration was determined 
by a BCA protein assay kit (Pierce, Rockford, IL). Cell extracts 
containing 10 jig of protein were used to detect E-cadherin by 
immunoblot analysis. The monoclonal antibodies for human 
E-cadherin and a-tubulin were obtained from Takara and Santa 
Cruz Biotechnology (Santa Cruz, CA), respectively. 

RESULTS 

LOH of CDHl and 16q2^23 Loci in HCCs. The het- 
erozygous deletion of CDHl and adjacent 16q22-23 loci was 
analyzed in 30 HCCs. Results are summarized in Fig. 1. We 
discovered a new SNP at 472 bp upstream from the translation 
initiation site. The major allele of this site is G, but a variant has 
A inserted here. We used this new SNP as a marker for the LOH 
analysis. Other markers used to analyze CDHl LOH were a 
OT variant 2076 bp downstream of the initiation codon, which 
has been reported to be extremely heterozygous (21), and a C> 
A variant 285 bp upstream of the translation initiation site, 
which is identical to the variant 160 bp upstream of the tran- 
scription start site referred to by Li et al (22). The SSCP pattern 
of the +2076 site is shown in Fig. 1A, Allelic loss of CDHl was 
found in 8 of 23 (35%) informative cases. We next analyzed the 
LOH of 16q22-23 in the vicinity of CDHl using five microsat- 
ellite markers (Fig. 25). All of the nontumorous tissues of the 
liver adjacent to HCCs showed a heterozygous pattern with 
some of the microsatellite markers. The LOH of this locus was 
observed in 1 3 HCCs. By combining these data, we found allelic 
loss of CDHl in 13 of the 30 HCCs (43%). 

The characteristics of HCCs and alterations of the CDHl 
gene are summarized in Table 1. The LOH of CDHl was 
observed at a higher frequency in more malignant HCCs. All of 
the stage III tumors carried allelic deletion of CDHL The LOH 
of CDHl was found frequently in the moderately differentiated 



596 Frequent Down-Regulation of E-cadherin in HCCs 



Case 1 2 3 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Tumor stage I II I II ii n ill til II I li II II II II IV li I | i n II I II I II n i Nl II 

Chr.16q Pathology MMMPMMMMMMMMWWMPPWMMWWWMWMMWMP 

^ Etiology CNNCCNBCCCCBCCCBNBCCCCCNCCCBCC 




Methylation 
of5M5pG 



E-cad 
mRNA 



E-cad 
protein 

SNP 



NT 
HCC 



NT 

HCC 



NT 

HCC 











!■□ 


■ 


• 


• 










O 


o 


o 








o 






O 


o 


o 


o 


□□□□□ 


□ 






□□ 


□ 






o 


o 






O 


o 


o 


O 


O 


o 


o 


\J 


KJ 






CJ 


o 


□□□□□ 


□ 


• 


• 


■ 














o 


O 


O 


o 


o 


O 


O 


o 


o 


o 


o 


o 


O 


o 


o 












• 


• 


• 




o 












O 


O 


o 


o 


o 


o 


o 


o 


o 


o 




• 






□□ 








o 


o 




O 






o 










o 


o 




o 


o 


o 


□□□□□ 




• 


# 


□□ 




• 








o 


O 








o 


O 


o 


o 


o 


o 


o 


o 


o 


o 














































ND 


ND 










ND 






+ 


ND 




ND 




ND 




+ 












+ 


+ 








+ 


ND 


ND 


+ 


+ 


+ 




ND 






+ 


ND 




ND 




ND 




++ 


++ 


++ 




++ 




NO 


++ 


■H-f 


++ 


++ 


++ 


++ 


++ 


ND 


ND 


ND 






ND 


ND 


++ 


++ 


+ 


+++ 


ND 


++ 




ND 


++ 


+ 


++ 




+ 


+ 


+ 


NO 


++ 


++ 


♦ 


+ 


++ 


++ 


+ 


ND 


++ 


ND 


+++ 


++ 


ND 


ND 


■M- 


++ 


+++ 


+++ 


ND 


+ 




NO 




■*-+ 


++ 


+ 


ND 


++ 


++ 


NO 


■*-+ 


++ 


++ 


++ 


++ 


+++ 




+ 


ND 


ND 


++ 


ND 


ND 


ND 


++ 


++ 


+ 


ND 


ND 


++ 


++ 


ND 


+ 


+ 


+ 


♦ 


NO 




+ 


ND 


++ 


+ 




+ 


++ 


+ 




+4 


NO 


ND 




♦+ 


ND 


ND 


++ 


++ 


++ 


NO 


ND 


+ 


++ 


ND 





285 I 1 i 1 I 1 M 1 I 1 l«l 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 llfll 1 I 1 I 1 I 1 I 1 | ia |lfll 1 I 1 llfll 1 ll/2 



Fig. 1 Genetic analysis and expression of CDHl in HCCs. Markers are shown from the centromere {cen) to the telomere (tel) of the 16q22-23 region 
The tumor stage of HCCs is indicated as I, II, III, and IV according to the TNM criteria. Nl f no information. The pathology of HCCs and the etiologicaJ 
bac^unds of patients are indicated as follows: W t well differentiated; A/, moderately differentiated; P, poorly differentiated; B, HBV-infected Le- 
C HCV-infected case; and N, non-HBVVnon-HCV-infected. Symbols for LOH analysis are as follows: O, retained; LOH* and blank, no 
information. Methylation of CDHl promoter is indicated as hypermethylarion (+) and nonmethylation (-). Expression of E-cadherin (E-cad) mRNA 
and protein ^ indicated as follows: +, lower than normal liver (<0.5); ++, same as normal liver; 4- + +, higher than normal liver (> 2.0)- and ND 
not determined. The allele symbols for the SNP at -285 are 7 (C/C) and 1/2 (OA). 



Table 1 Characteristics of HCCs and E-cadherin alterations 
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Pathology of HCCs was indicated as follows: W, well differentiated; M, moderately differentiated; and P, poorly differentiated. 



type (well versus moderately differentiated type, P = 0.02 by 
the x 2 test). The etiological backgrounds of the HCCs with LOH 
for this locus were as follows: (a) 2 of 5 (40%) were HBV 
infected; (b) 8 of 20 (40%) were HCV infected; and (c) 3 of 5 
cases were non-HBV or non-HCV infected (60%). 

Methylation of the 5'-CpG Island of CDHL We next 
examined the methylation of the CpG island of the 5' region of 
CDHl by Southern blot analysis in 24 cases. The BamWVXbal 
digest shows a 1184-bp fragment By digestion with BamHV 
XbaVHpaW, a //pall-resistant band is detected when the CpG is 
methylated, whereas no obvious band is detected when the CpG 
is not methylated Hypermethylation of 5 '-CpG was observed in 
eight HCCs and in one nontumorous part of the liver that was 
affected with cirrhosis. Of these eight cases, three also showed 
LOH of CDHL Therefore the CpG of the remaining allele was 
methylated in these cases. Ail eight cases showed a short HpaW- 



resistant band, which is thought to imply that methylation occurs 
at some of the CpG (Fig. 3). We could not detect a similarly 
sized flpall-resistant band by Xbal/BamHl digestion, therefore 
not every CpG was methylated in these samples. Hypermethy- 
lation of the CDHl promoter was observed in the stage I and II 
tumors. The frequencies of hypermethylation were parallel 
among various histological types of HCCs (Table 1). 

Expression of E-cadherin mRNA and Protein. The 
levels of E-cadherin mRNA and protein were analyzed in HCCs 
and adjacent nontumorous regions. We analyzed only a limited 
number of samples because some samples were exhausted, or 
the quality of RNA or cell extract was not suitable for analysis. 
In 23 cases, the expression of E-cadherin mRNA was deter- 
mined by RNase protection assay (Fig. 4A). Down-regulation of 
E-cadherin mRNA was found in 10 of the 23 HCCs examined 
(see Fig. 1). Of these 10 cases, 8 showed LOH of the CDHl 
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Fig. 2 LOH analysis of CDHl and adjacent 16q22-23 loci. LOH of 
(A) CDHl and (B) 16q22-23 was analyzed. A, SNP in CDHl +2076 
was analyzed by fluorescence-based PCR-SSCP. B, microsatellite mark- 
ers of 16q22-23 were analyzed. Peak heights were compared in HCC 
(7) and adjacent nontumorous liver (N). Case 3 shows LOH, but case 28 
does not. The arrow indicates the lost allele. 



region. Most nontumorous parts of the liver expressed the same 
level of E-cadherin mRNA as normal liver tissue. Therefore, 
down-regulation of E-cadherin mRNA is specific to HCCs. In 
2 1 cases, the amount of E-cadherin was determined by immu- 
noblot analysis (Fig. 4B). A reduced level of E-cadherin expres- 
sion was observed in 10 cases. Of these 10 cases, 8 showed 
LOH of this locus, and 1 showed hypermethylation of CpG. The 
E-cadherin protein levels were comparable to the corresponding 
amount of mRNA. We detected reduced levels of E-cadherin 
mRNA and protein in only one case that showed hypermethy- 
lation of the promoter region without LOH. Two cases (cases 8 
and 12) with LOH of CDHl but no change in either mRNA or 
protein levels probably arise because cells containing LOH 
included only a small tumorous population, based on estimation 
using the height of missing peaks (data not shown). The meth- 
ylation of case 27, which showed a down-regulation of both 
E-cadherin mRNA and protein, was not examined. 

Variation in the CDHl Promoter and Expression. We 
examined the allele patterns of the SNP at -285 in the CDHl 
promoter region because the -285A variant has been observed 
to have lower transcriptional activity than the -285C type (22). 
We found that seven patients had the -285 A variant in one of 
the alleles (Fig. 1). The -285 A variant showed no effect on 
CDHl expression in nontumorous liver tissues because various 
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Fig. 3 Methylation of the CDHl promoter region. Methylation of 
5'-CpG of CDHl was analyzed. DNA was digested with BamHVXbal 
(Lane 1\ BamliVXbal/Mspl (lane 2), and BamHVXbaVHpaU (Lane 3). 
Nontumorous livers (N) from both samples and HCC (7) of case 6 were 
not methylated, but HCC (7) of case 18 was partially methylated. 
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Fig 4 Expression of E-cadherin mRNA and protein. A, expression of 
E-cadherin mRNA by RNase protection assay. A 1 80-nucleotide 
RNase-resistant band indicates E-cadherin mRNA. a-Tubulin mRNA 
was analyzed to assure the quality of mRNA. B, expression of E- 
cadherin by immunoblot analysis. A M T 120,000 band shows E-cad- 
herin. a-Tubulin was analyzed to assure the quality of cell extract 
Reduced levels of both E-cadherin mRNA and protein in HCC are 
shown in case 10, but not in case 22. T, HCC; N t nontumorous liver. 



levels of E-cadherin mRNA were observed in individuals hav- 
ing this allele. The pathology of the HCCs was grouped as 3 
well-differentiated, 2 moderately differentiated, and 2 poorly 
differentiated types, and clinical stages were classified as 3 stage 
I cases, 3 stage II cases, and 1 stage III case. Thus, no significant 
correlation was found between allele patterns and tumor char- 
acteristics. 

DISCUSSION 

E-cadherin mediates cell-cell interaction in a calcium- 
dependent manner. The extracellular domain of E-cadherin is 
important for cell-cell interaction, and the intracellular domain 
binds to catenins that attach to the actin cytoskeleton. Loss of 
E-cadherin function disrupts cell-cell interaction and might in- 
duce the malignant progression of tumors. Recently, dysfunc- 
tion of E-cadherin by genetic or epigenetic alterations has been 
reported in various kinds of epithelial cell tumors, such as 
breast, prostate, and stomach cancers (27-29). 
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In HCCs, there have been several studies of the down- 
regulation of E-cadherin by immunopathological methods (17, 
18), but no comprehensive study of genetic or epigenetic 
changes of CDH1 and their relation to its expression. The allelic 
deletion of CDH1 and neighboring loci was found in 30-40% 
of Japanese HCCs in previous studies (30, 3 1) and in the present 
study. In Chinese HCCs, however, a high frequency (85%) of 
LOH of CDH1 has been reported in HBV-infected HCCs (19), 
and the 16q region was also frequently deleted (70%) in HCCs 
in association with a-fetoprotein elevation (32). Here, however, 
LOH oiCDHl occurred at similar frequencies in HBV-infected, 
HCV-infected, and non-HBV- or non-HCV-infected cases of 
HCC. Thus, LOH of 16q22-23 including CDH1 was found less 
often in Japanese cases than in Chinese cases, and the frequency 
of LOH did not vary with the etiological background The 
development of HCCs is therefore different in Japanese cases 
and in Chinese cases that are induced by exposure to carcino- 
genic toxins and HBV, although the deletion of CDH1 is a 
critical factor in die progression of HCCs with different back- 
grounds. 

According to imraunohistochemical staining of tissues, 
there is a reduction in E-cadherin in tumors, with hyper- 
methylation of the 5'-CpG island of CDH1 in the breast, pros- 
tate, and liver (16-18). Thus, in many rumors, hypermethylation 
of the 5'-CpG island is a major cause of the down-regulation of 
CDHL However, we found an obvious reduction of E-cadherin 
mRNA in only one of five HCCs with hypermethylation, which 
is a common pattern in HCCs with allelic deletion of the gene. 
Other reports indicate that the immunohistochemical staining 
pattern is heterogeneous in tumor cells of breast carcinomas 
with reduced E-cadherin, whereas strong staining is observed in 
all cells in normal or tumor tissues without reduced E-cadherin 
(33, 34). A recent study found that the methylation status of 
CDH1 promoter and its protein expression vary among individ- 
ual cells in the tumor (35). Down-regulation of E-cadherin 
mRNA and protein might therefore be heterogeneous in the 
tumor. Our study showed that the reduction of CDH1 expression 
is not clear in HCCs with hypermethylation, suggesting that its 
expression is heterogeneous in these tumors. In contrast, LOH 
of CDH1 was present in almost the entire cell population of 
tumors. Allelic deletion might therefore induce down-regulation 
of E-cadherin function more effectively than hypermethylation 
in a tumor. 

The LOH of CDH1 was found at a higher frequency in 
more malignant HCCs. All of the stage UI HCCs, which had 
blood vessel invasion but no metastasis, carried allelic loss of 
CDHL The LOH of CDH1 in nontumorous livers was deter- 
mined by comparing a peak height of SNP showing a heterozy- 
gous pattern with that of the normal heterozygote. Allelic dele- 
tion was found in 0 of 23 nontumorous livers showing a 
heterozygous pattern in any of the SNPs (data not shown). On 
the other hand, hypermethylation of the CDH1 promoter was 
found frequently in less malignant HCCs, such as stage I HCCs. 
We also found methylation of CDH1 promoter in one nontu- 
morous cirrhotic liver, which was a precancerous hepatocyte. 
The down-regulation of E-cadherin by hypermethylation in the 
nontumorous liver might take place early in the development of 
HCCs. On the other hand, a stage IV HCC that had metastasized 
to lymph node, brain, and bone did not show LOH or hyper- 



methylation in our study. Also, a recent study has shown that 
expression of E-cadherin is necessary for the intrahepatic me- 
tastasis of HCCs (36). Thus, the down-regulation of E-cadherin 
by hypermethylation might be involved in the early develop- 
ment of HCCs, whereas allelic deletion might contribute to the 
malignant progression of HCCs. On the contrary, the presence 
of E-cadherin appears to be necessary for completion of metas- 
tasis. The level of E-cadherin expression is therefore important 
to determine the characteristics of tumors. 

The adenine variant of the —285 site in the promoter region 
correlates with reduced the transcriptional activity of CDH1 
(22). We are interested in whether such genetic variations de- 
termine the characteristics of tumors. No significant difference 
was found between the allele patterns and clinical stage of 
HCCs or the pathological findings. Also, we did not detect any 
significant correlation between the allele patterns and the ex- 
pression of E-cadherin in nontumorous liver. E-cadherin mRNA 
or protein should be maintained at a stable level in the cells. In 
the present study, we found a novel SNP at -472 in the 
5 '-promoter region; a study of the contribution of this variation 
to the transcriptional activity of CDH1 is under way. 

We observed dysfunction of CDHL although other 
genes localized on the 16q22-23 locus might be involved in 
hepatocellular carcinogenesis. For example, other cadherin 
family genes are localized in this region and could also be 
involved in the tumorigenesis of liver cells. The effect of 
mutation of 0-catenin on the function of E-cadherin is also 
interesting because mutation of the. Ser/Thr phosphorylation 
site of 0-catenin is common in HCCs; moreover, changes in 
the tyrosine phosphorylation of p-catenin might induce 
changes in E-cadherin/catenin association (37, 38). Even 
if P-catenin protein was accumulated by mutation of the 
Ser/Thr residues or their neighboring site, the amount of 
E-cadherin in HCCs was not affected. 5 

In conclusion, down-regulation of E-cadherin by LOH or 
hypermethylation is critical to hepatocellular carcinogenesis. 
The level of E-cadherin expression may contribute to the deter- 
mination of the characteristics of HCCs. 
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